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Introduction

During thé past year, research has contiiued on eome of the

subjeots reported in the progress report for 1951,

tinued work on projects begun under the directionof Professor Kurt

Mendelssohn in the spring of 1952,

Reports of research cozpleted during the year appear as re-

prints of the following papers?

1.

2,

3.

b,

Dielectric Constant in Poarovekite Type Crystals
by John H. Barrett, Phys, Rev. 86, 118 (1952) (Abstract)
Coexistence of Liquid Helium I and II
by Philip Closmann and Richard T, Swim
Phye, Rev. 86, 576 (1952),
Gyromagnetic Effect in a Superconductor
by R. H, Pry, A, L. Lathrop, ard W. V., Houston
Phys. Rev. 86, 905 (1952),
Measurements on the Temperature, Current, Magnetic Field
Phase Disgram of Superconductivity
by K. Mendelssohn, C, Squire and Tom S, Teasdale
Phye. Rev. 87, 589 (1952),
The Temperature Depcndence of Electrical Reslstance
by W, V. Eoueton, Phys. Rev. 83, 1321 (1952) (Abstract)
The Following Letter to the Editor was published:

Note on Retlection aid Diffraction from Ice Crystals in

We have also con—

el
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Introduction, cont'd, 24

the Sky

by Charles F. Squire, J.0.A, 42, 782 (1952).

The following Letter to the Editc™ has also been submitted
to the Physical Review:
The Paramagnetic Effect in Superconductors

by Tom S, Teasdale and H, E, Rorschach, Jr,

Two papers on current research were presentod at the Thanke-

giving meeting of the Phyeical Society held $n St. Louis:

l, Flow of Helium II through Narrow Slits
%y Richard T. Swim

2, Frozen Moments in a Superconducting Sphere
by Tom S, Teasdale

At the present time work is in progress on the flovw properties
of liquid Helijum II, the nature of the superconducting state (particu-
larly the intermediate state), and the elastic constants of Potassium
Chrome Alum, The progress of this research is indicated by briof
reports on each subject.

Respectfully submitted:

”

P
JrCead £ (k,cu_é L

Harsld E. Rorschach, Jr, /
Project Supervisor




Abstracis

Tislectric Constent in Perovekite Type Crystale‘
John H, Barrett

Rice Institute, Houston, Texas
Slater's theory of the dielectric constant in BaT103 has been
extended by treating the fonic polarizadility quantum mechanically in-
stead of classically, This leads to an expression for the dielectric
constant which is good at all temperatures and shows a deviation from
the Curie-VWnigs law at low temperatures, The theory is applied to

SrT10, end to ETs0, &bove its transition at 13.2°%,

The Temperature Dependence of Electrical Resistance

W, V, Houstor
Rice Institute, Houston, Texas

The electrical resistance of & simple metal can be computed over
a8 wide range of tewmporature by considering ths thermal vidbrations and the
scattering from individual ions, Observations by Maclonald exnd Mendelssohn
make possible a comparison with experiment from room temperature down to
very low values.,. Noderate agreement for lithium end sodium can be ob-
tained by a suitadle choice of parameters, dbut the valucs necessary are
not in close agreemeat with those suggested by other phencmena,

An approximate method for taking into account 311 three ncrmal
modes of vibration wita a given propagation vector also givea moderate

agreement with the observations,

* Phye, Rev., 86, 118 (1952)
**Phye, Rev., 82, 1321 (1952)
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Coexistence of Liquid Heliumn I and II

PuiLir CrLosMANN AND RicarDp T. Swin
Rice Instituste, Houston, Texas
(Received March 38, 1952)

INCE the transition between liquid helium I and liquid
helium II is one of the second order, showing no latent heat,
no phase boundary between the liquids can be expected. The two
liquids can never be coexistent a: any given value of temperature
and pressure. However, both liquid forms can be present at the
same time if one of the variables of state has a gradient within the
space of observation. It seems that in none of the experiments on
iiquid helium carried out so far did a gradient of temperature or
pressure covering the transition region exist, and it is, therefore,
of interest to carry out such an experiment.

In view of the difficulty of establishing a pressure gradient, an
arrangement involving a temperature gradient was chosen. This
arrangement consisted of a thermally isolated column of helium.
In this waj the radial heat flow is zero, and one end could be at
temperatures below the lambda-point, while the other end could
be above the critical point. It is to be expected that in such an
arrangement the main contribution to the heat transport will be
provided by the liquid helium II. In view of the complex nature
of this heat flow and also because of the inversion of the thermal
expansion at the lambda-poiit, the question of the temperature
distribution cannot, hcwever, be solved through mathematically
rigorous procedures.
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Fic. 1. Diagram of ths apparatus and experimental reaslts on

liquid helium 1 and 1.
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The apparaius (see Fig. 1) consisted of a vertical glass tube
55 c¢m long and 0.86-cm diamet+- -i.ich was enclosed in a vacuum
jacket. The tube was thermally connected by means of copper-
glass sesls to a container with liquid nitrogen ai the upper end
and a bath of liquid helium IT at the lower end. The whole arrange-
ment was placed into a Dewa~ vessel which contained liquid
helium II at the bottom and a metal reservoir with liquid nitrogen
at the top. In this way the influence of radiatior. can be neglected.
The tube could be filled with helium at more thar the critical
pressure, and the temperature at any place in it determined by a
small resistance thermometer wlich could travel through the
length of the tube. This temperature probe consisted of a hollow
Lucite cvlinder carrying on its outside a coiled resistance wire of
leaded brass. Care was taken to make the heat resistance of the
metal partition between the helium in the tube and that in the
outer bath small enough to allow for a temperature below the
lambda-point inside the lower end of the tube.

The results show that at pressures above 2.2 atmospheres and
under equilibrium conditions, practically the whole of the tube
was full of liquid helium II, leaving only about 4 c¢m at the top of
the tube for the temperature gradient between 2.16°K and 80°K.
The exact point where the liquid helium II ended was indetermi-
nate to the extent of 1.5 cm, this being the length of the thermom-
eter. As expected, the transition region between liquid helium II
and liquid helium I as well as between liquid helium I and the gas
showed no phase boundary or any other anomalous optical proper-
ties. However, on releasing the pressure slightly below the critical
value, critical opalescence and subsequently the appearance of a
meniscus was observed in this region. Prior to these observations
when helium was being introduced into the tube, it was noted
that the evaporation of liquid from the pumped helium II bath
increased rapidly because the tube containing liquid helium IT and
reaching up into the Dewar vessel constituted a very good heat
conductor. This fact is of importance for the design of crycgenic
apparatus, showing that tubes reaching from higher temperatures
into a bath of liquid helium II and containing helium of more
than critical pressure will constitute a very serious heat leak.

The authors wish to thank Professor Kurt Mendelssohn, F.R.S.,
for suggesting the problem and directing the rescarch dusing his
visit at The Rice L.stitute. The advice and assistance of Pro-
fessor C. F. Squire is 2lso acknewledged.

-n - ——

S




Gyrbmagnsﬁc EZedt in a Superconductor

R. H. Pry, A. L. Latuxor, anp W. V. HousTox

Reprinted from THE PEYsICAL REVIEW, Vil 86, No. 6, pp. 905-907, June 15, 1952



Reprinted {rom Tue Puvsicat Review, Vol. 86, No. 6, 905-907, June 15, 1952
Priated 1n U S A.

Gyromagnetic Effect in a Supercoanductor

R. H. Ppy, A. L. Lamixor, AND W. V. Hous™N
Rice Institute, Houstom, Teras

{Received February 15, 1952)

The gyrom&gnet.ic. ratio of a superconducling tin sphere has been measured by the Einstein-DeHaas
method. The (u‘u]t is approximately that to be expected on the picture of perfectly free superconducting
clectrons and is iu agreement with the work of Kikoin and Gubar.

L INTRODUCTION

R pure solid superconducting materials, Meissner

and Ochsenfeld! have shown that ti:e magnetic
induction B inside the metal is zero. This implies either
perfect diamagnetism or large surface currents in the
presence of 2 magnetic field. In either case, the gyro-
magnetic effect for a superconductor should be ob-
servable.

The gyromagnetic effect has been most satisfactorily
observed by the Einstein-DeHaas method. This method
uses a torsion pendulum made of the magnetic matenial
and such that a change of magnetization causes a
torque and a change in angular momentum.

Kikoin and Gubar® carried out just such an experi-
ment on a small superconducting lead sphere. They
drove their torsion pendulum with the impulses pro-
duced by reversing a vertical magnetic field at the
resonant frequency. They calculated the magnitude of
these angular impulses from the resulting steady-state
amplitude of the system; and in turn they determined
that the ratio of the magnetic moment to the mechanical
moment of the superconductor was the same as it
would be in ordinary diamagnetic materials with a
magnetization arising from orbital electron motions
alone.

As has been shown by Meissner,? the model of perfect
diamagnetism used by Kikoin and Gubar gives the
same gyromagnetic effect as the picture of surface
currents given by the London theory. According to the
London picture,! the changing magnetic field acts on
the positive charge which remains wnen the super-
conducting electrons are disregarded. The experiment
then serves to measure the product of this positive
charge density and the square of the penetration depth.

The report of Kikoin and Gubar did not make
completely clear the direction cf the effect. Since the
electrons go in one direction, and the material sphere,
which is observed, goes in the opposite direction rather
than being dragged along by the electrons, it is im-
portant that this direction be unambiguous. We have
therefore repeated their gyromagnetic experiment with

1 W. Meissner and R. Ochsenfeld, Naturwiss. 21, 787 (1933).

*I. K. Kikoin and S. W. Gubar, J. Phys. USSR 3, 333 (1940).

8 \W. Meissner, Sitz. Bayerischen Acad. p. 321, November, 1948,

¢F. London, Physica 3, 458 (1936); and Supefiuids (John
Wiley & Sous, Inc., New York, 1950).

a superconducting sphere to demonstrate again both
the magnitude and the direction of the eifect.

II. EXPERIMENTAL AFPARATUS AND PROCEDURE

Figure 1, shows the details of the experimental
equipment. The torsion fiber is a tungsten wire 75 cm
long and 0.003 in. in diameter, and is kept at room
temperature. To the bottom of the fiber is attached an
octagonal Lucite cylinder. On each of the eight faces is
a front surface mirror about 1 cm? in area. The connec-
tion between the Lucite cylinder and the tin sphere is
made with a glass tube. The tin sphere is one inch in
diameter with variations of less than 0.0004 in., and is
made from spectroscopically puie tin supplied by
Inhneon-Mathey Company, London. The sphere is in
contact with the helium vapor, but not in contact with
the liquid helium. The Helmholtz coils shown are used
to neutralize the horizontal component of the earth’s
field.

The switching of the solenoid current was controlled
by a phototube and two-stage, directly coupled dc
amplifier which actuated a mechanical relay. A separate
contact on the relay was used to shunt out, on altesnate
half-cycles, a part of the plate resistance of the photo-
tube, in order to compensate for the difference between
the pull current and release curreat of the relay. This
arrangement minimized the errors in switching time
which otherwise would have occurred. The time for
complete field reversal was less than 3X10~* sec
corresponding to less than one six-thousandti of the
period of the pendulum.

The earth’s field was neutralized and the solenoid
field made vertical by adjustments similar to those
outlined by Kikoin and Gular. Precision was obtained
by using a torsion pendulum with a one-inch magnetized
iron sphere of known magnetic moment.

The amplitude and period of the oscillations were
measured by observing a hairline focused on a scale
12.5 meters from the torsion pendulum.

When cooling the tin sphere through the transition
temperature the earth’s field was neutralized and the
sphere was set into oscillztion with a large amplitude,
This oscillation tended to minimize further any possible
frozen in moment.*

$ Alers, McWhirter, and Squire, Phys. Rev. 84, 104 (1951).
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906 PRY, LATHROP,

1. EXPERIMENTAL RESULTS

The results of the experiment confirm these of Kikoin
and Gubar. The directions of the angular impulses are
the same as one wonld observe if the effect were that
of Faraday induction operating on a sphere composed
of positive ions. Referring to Fig. 1, when the sphere is
rotating in the clockwise direction as viewed from above,
the field shifts from the down direction to the up
directior as the oscillator passes through center. Under
these switching conditions, Fig. 2 shows the approach
to the steady-state condition with drivirg fields of 100
gauss or 10-! weber/m?! (curve 4) and 51 gauss or
0.51X 102 weber, tu? (curve B). Just below these curves
the zero field case (curve C) is plotted. Curve D shows
the effect of reversing the cycling of the switching in
the case of the larger field. Also, for the larger field,
the approach Lo the asymptote was made from the low
amplitude side, but these points are not included in
the figure.

E
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P1c. 1. Schematic outline of the cryostat and torsion pendulum.
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F16. 2. Decay of the amplitude of vibration toward
the limiting values.

The experimental curves show an asymptotic ap-
proach to a double amplitude of 0.95 cm at 0.51X 102
weber/m? and 1.65 cm with 10~2 weber/m?.

The observed value may be compared with the
results of a simple calculation based on consideration
of the impulse and momentum change of the damped
oscillator.

In the steady state the system behaves like a damped
oscillator for 4 cycle. It then receives an angular
impulse which just makes up for the frictional loss of
the absolute value of the momentum. This frictional
loss of momentum is equated to the angular impulse
given the oscillator because of the magnetic field change
from + B to the value —B. The equation of motion
for 3 period is

6=_0oc7% cosw!,

with momentum: 6= —I,(we=** sinwl+ 8e~%¢ coswt),
where the moment of inertia /=69.4X10-7 kg m? and
the measured value of £=2.67X10~* sec—'. The loss in
momentum in one half-period occurs in the time
interval —x/2w to 4 /2w, so that the momentum
change is

A|P| = —168o5x+small terms.

) Further detailed analysis shows that the steady state
1s approached exponentially and that the maximum
amplitude of the nth oscillation 8. is given by

0= 0+ Ac-2rmilo,

In the magnetic field B the sphere has a magnetic
moment*

M =2xR'B/u,,

so that switching the field from 4+ B to — B causes a
change of inagnetic moment 4x R3B/uo. Then the change
of angular momentum nust be (2m/e)(4xR*B/u,), if
2m/e is taken to be the ratio between the angular
momentum and the magnetic moment.

Equating the frictional loss of momentum to the gain
from the field change, we get a steady-state angular

GYROMAGNETIC EFFECT

amplitude:
8s=(2m/e)(4xR*B/us)(i /15%) =3 87X 10~2B radian,

where B is expressed in webers/m?.

This angular momentum is that of the supercon-
ducting electrons, but since the total angular momen-
tum around the vertical axis does not change, the
angular momentum of the positive ions and remaining
electrons composing the sphere must change in just the
opposite sense and by the same amount. It is this latter
change that is observed.

Another way of looking at this phenomenon was
suggested by Meissner.! The magnetic field penetrates
only a short distance below the surface of the sphere,
but as it changes, an electric field is present, which acts
both on the superconducting electrons and on the
remaining positive ions. Since the superconducting
electrons do not drag the ions with them, the two sy=-
tems move independently with equal and opposite
angular momenta. The motion of the positive ions is
the one observed by the experimental arrangement used.

IV. DISCUSSION OF ERRORS

In spite of much caic the tin sphere had a slightly
ellipsoidal character, the field was not exactly uniform

IN A SUPERCONDUCTOR 907

over the volume of the splere, and the switching of the
magnetic field did not alwayvs occur precisely at the
same point. In zero field a certain rest point or zero
point about which the oscillator swung was noted.
With a steady upward vertical field of 10~ weber/m?,
the zero point shifted 0.3 mm to th2 right on the scale
correspondirz to 1.2X310~* radian of angle. With a
steady downward vertical field of the same amount,
the zero point shifted 0. mm to the right. These errors
might be further reduced with greater eflort should
greater accuracy justify such action, but differences
between the experimental and expected values may be
attributed to these experimenta! errors.

V. CONCLUSION

The experiments gave rough agreement with the
theory as to the magnitude of the eflect. The result
was 15 percent low for the 10-? wcher/m? driving field
and 4 percent low for the 0.51X10~2 weber/m? driving
field. The direction of driving torque was such as to
produce an angular impulse on the superconducting
sphere just as if the Faraday induction were operating
on the positive ion lattice.

The authors are greatly indebted to the constant
assistance of Professor . F. Squire. One of us (R.H.P.)
held the Shell Fellowship during this work.
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Measurements on the Temperature, Current, Magnetic Field Phase Diagram
of Superconductivity

K. MenDELSSOHN,®* C. SQume, AND Tou S. TEAsSDALE
Rice Imstitute, Houston, Tezas
(Received April 14, 1952)

Experiments have been carried out to investigate the existence of » paramagnetic eflect, repoiied by
other workers, at the transition to superconductivity. While, in the other experiments, the induction in the
sample was measured during changes of the magnetic field, the work described in the present paper deals
with induction measurements at constant values o magnetic field, current, and temperature. The transitiou
region of tin was investigated by separatcly varying, stepwise, each of these three parameters. With the
current of 10 amperes used in our experiments, no paramagnetic effect was observed anywhere in the

transition regioa.

INTRODUCTION

INCE the discovery, in 1933, by Meissner and

Ochsenfeld, that superconductivity is accompanied
by zero magnetic induction (B=0), it has generally
been assumed that, as the metal becomes supercon-
ductive, its susceptibility becomes strongly diamag-
netic. Ni'mzrous experiments in which the temperature
or the magnetic field were changed have, indeed, con-
firmed this view. However, in 1943, Steiner and
Schoeneck! reported observations indicating a para-
magnetic susceptibility which preceded the change to
diamagnetism. This effect occurred only when tha
destruction of superconductivity was carried out simul-
taneously by a magnetic field in the longitudinal direc-
tion and a current in the same direction. It was pointed
out by one of us? that the observed increase in induction
might possibly have been only an apparent one, because
only the flux in the longitudinal direction was measured.
Similar experiments have recently been performed by
Meissner, Schmeissner, and Meissner,’ who also ob-
served paramagnetic effects of the same nature. In
these experiments, the changes of flux were measured
which occur in the specimen vhen the magnetic field
was reversed, while at the same time a steady current
was passing through the specimen.

Since in all this work the observation of a para-
magnetic effect was coup!sd with a simultaneous
variation of one oi ihe variables of state (the magnetic
field), it is clearly desirable to investirate whether
there actually exist, in the transition, def:ite values of
magnetic field, current, and temperature, for which the
susceptibility of a superconductor is paramagnetic.
Assuming the validity of Silsbee’s hypothesis, a three-
dimensional diagram of state can be constructed (Fig.
1), with the temperature, the magnetic field, and the
current as dependent variables. The volume inside the
T, H, I, surface represents the superconducting state,
and that outside represents the normal state. The

* Visiting Professor from Oxford University, Oxford, England.

1 K. Steiner and H. Schoeneck, Pbysik. Z. 44, 346 (1943).

$ X. Mendelssohn, Repts. Prog. Phys. 10, 358 (1946) {London:
Pbysical Society).

(;S}vl)eimcr, Schmeissner, and Meissner, Z. Physik 130, 521
1951).

transition to superconductivity can be effected in three
different ways, as is indicated by the arrows. It was
decided, therefore, to carry out measurements of the
induction in the longitudinal direction of a long cylinder
of tin, at fixed values of magnetic field, current, and
temperature, in the transition region. The experiments
were carried out in such a way that two variables were
held constant throughout, while the third one was
changed in small steps in the way indicated by the
arrows in Fig. 1.

METHOD

The method consists in moving an induction coil
along a cylindrical specimen, which is aligned in the
direction of a homogeneous magnetic field. The cylinder
is made up of rods of copper, tin, and lead, in series,
and the coil can be moved from the center of the tin
rod to the center of the lead rod or of the copper rod.
Since in the transition region of tin (3.7°K) lead is
superconductive and copper is nonsuperconductive,
the movement of the coil will compare the flux in the
tin rod, at constant field, current, and temperature,
with the flux through a superconductive or a normal
rod of identical dimensions.

Fic. 1. The T, H, I, surface, separating the normal and
th: superconducting phases.
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590 MENDELSSOHN, SQUIRE, AND TEASDALE

Figure 2 shows the apparatus with the induction
coil, C, which is connected to a ballistic galvanometer,
on that the deflections of the galvanometer are propor-
tiona! to the changes of total flux through the coil. The
coil moves from one position around the specimen to
another.

The specimen, S, consists of lengths of 8 cm each of
lead, tin, and copper cylinders, soldered together in
series in a thin German silver tube. The diameter of
the metal samples is 2.8 mm. The rod is mounted
vertically, with the upper end (copper) held in a
textolite block, B. The sample holder is suspended

Fio. 2. Schematic cross section of the experimestal apparatus
{not to scale).
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FiG. 3. Penctration of the T, H, I, surface at constant
temperature and magnetic field.

from the upper plate, P, by steel and textolite pipes,
Py and P,, in series.

The coil is hung by means of two German silver
tubes, T} and T, from a textolite rod, R. The rod R
extends up through the pipes P, and P, and on through
the plate and brass tube, D. Above the brass tube, the
rod is fastened to an iron cylinder, I. The coil may be
raised and lowered by moving the block of iron with a
small solenoid placed on the outside of the glass vacuum
cover, G.

To reduce heat leaks, a can for liquid nitrogen, N, is
hung from the upper plate by two monel pipes, M and
M,. The current carrying wires, K, leading to the
sample are thermally connected to the liquid nitrogen
can. The top of the copper cylinder is attached to one
of the current leads; the return lead is shielded by a
superconducting lead tube, so that its magnetic field
cannot disturb the field at the specimen.

All of the apparatus shown in Fig. 2 is placed in a
flask of liquid helium, H. Outside of this flask, and not
shown, is an outer Dewar flask for liquid nitrogen.
External to all this is the solennid for producing vertical
magnetic fields. The magnetic field produced by the
external solenoid was known to be homogeneous, to
withiii one percent, over the volume of the tin specimen.
The temperature was measured and controlled by the
vapor pressure of the helium bath, and the bath could
be sti:red by moving the coii up and down.

RESULTS

The experimental results are shown in Figs. 3, 4,
and 5. In each of the figures, two of the threc variables,

®

PHASE DIAGRAM OF SUPERCONDUCTIVITY 591

H, T, and I, were held constant while the third variable
was changed in small steps. The abscissa is denoted by
the parameter that was varied. The ordinate in the
figure is the galvanometer ballistic throw obtained
when the coil was taken from the center of the tin rod
to the center of the lead rod.

The superconducting state could be destroyed in the
tin by 2 sufficiently large current in the rod, by high
enough temperatures, or by a sufficiently large external
field. Under these conditions a large galvanometer
deflection was obtained. The superconducting state
could then be entered as shown by the arrows in the
phase diagram of Fig. 1. Under these conditions the
galvanometer deflection is reduced to zero, since both
the tin and the lead are in the superconducting state.
It is clear from the figures that the galvanometer
deflection does not at any point increase in the direction
of paramagnetism, i.e., showing greater flux in the tin
specimen than normal. The scatter of the observed
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Fic. 4. Penetration of the T, H, I, surface at constan: magnetic
field and current.

deflections is fully explained by experimental error

caused by uneven movement of the induction coil and
small shifts in the galvanometer zero.
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F1G. S. Pcaetration of the T, H, I, surface at constant
te.operature and current.

CONCLUSIONS

Our results leave little doubt that, with the current
of 10 amperes used in these experimeats, i:ere is no
region in the A; T, I, space showing paramagnetic
susceptibility. It must be emphasized that our £adings
are not necessarily in disagreement with the results of
Meissner, Schmeissner, and Meissner, because the
quantity measured is a different one in the two cases.
In their work, the change in the magnetic induction
produced by varying the external field is determined,
and their observations, therefore, comprise the dy-
namics of the transition process. Our measurements,
on the other hand, were carried ouit at a series of steady
states in the H—T—I space, well after any change in
these parameters had taken place. Thus, we must
conclude that such paramagnetic effects as have been
observed with similar values of the parameters seem
to be of a transient nature. They are, as was suggested
eariier, possibly due to a re-arrangement of the magnetic
flux when, in a cylinder carrying a current, additional
currents are inducted in the specimen as it becomes
superconducting in an external field.

It is hoped to extend the present work to higher
values of the current.




Current Research

The Mow of Liquid Eelium II Through Narrow Slits

A program of research to inveetigate scvme of the flow properties
of 1iquid helfum II @as begun at this ledoratory in the Spring of 1952,
under the direction of visiting Professor K, Mendelssohn of the Clarendon
Ladoratory, Oxford. Tha work so far has been concentrated on the charag-
teristice of flow through narrow slits under the influexzco of hydroetatic
pressure gradients, using apparatus and techniques similar %o those of Bowers
and Mendeluohn.1

Although a great deal of research has already been done on this type
of flow, starting with the thorough investigations of Allen and Misenorz,
no work has been reported which employed pressure heads greater than a few
oentimeters of helium, In view of this, the present apparatus (see figure
la) was designed so as to allow pressures corresponding to adbout 15 cm of
helium to be obtained, The requisite guantity of liquid helium msy de
produced easily with a Collins liquifier, whereas such was not the case
wvith the Linde liquifiers in use at Oxfrrd and elsevhere,

The apparatus, shown in figure la, consists of a glass reservoir
0of 0.5 cm ineide diameter attached to a flat glass plate, A second flat
plate 1s placed at the bottom of the first, and the two plates are pressed
together by means of the clamp and spring arrangemant, In this way a
circular channel having a quite *miform width of a few microns is odtained,
The side or "static" tube opene into the flow channel so that a pressure
measuremsant at an intermediate point in the slit may be made, The

dimensions of the opening are euch as to avoid a falee pressure indication
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Current Research, cont'd, 2.

due to any Bernoulli force. The reservoir is placed in a holder which
ray be moved up or down from outside the dewar veseel containing the
liquid helium, The experimental technique is than to record the
height of the liguid in the reservoir as a function of time after

the reservoir is either 1ifted atove or pushcd below the bath level,
Illumination for these measurements is provided by six two-watt neon
bulds located about one meter from the dewar vessel,

In order to insure that the flow be isothermal, a small
opening is left at the top of the reservoir so that any temperature
differences due to the mechano-caloric effect are neutralized by
thermal contact with the helium vapor. Thie opening at the tep 1s
small enocugh, however., to restrict the flow of helium film to &
negligible amounts, A carbon resistance thermometer placed in the
reservoir has proved that the hole at the top 1s quite sufricient
to provide temperature equalization, Furthermore, the actual rate
of film flow wae checked by experimentation with the elit purposely
rlugged with a silioone compound, and the contribution due to the
film was found to be negligible at all temperatures and pressures,
The width of the flow channel ie determined by measuring the rate of
flow of helium I through it, Since this flow is laminar, the simple
geometry of the flow apparatus permits calculation of the slit width
from the measured flow rate at a given pressure heads The viscosity

of helium I 1s taken from the work of Bowerse and Mendelssohna3
T™e experimentally obtained curves of liquid height in the

reservoir (relative tc the bath level) versus time are fitted to a

power series of the form

h = hg + 81t + aztz + a3t3




Ourrent Research, asont'd, 3e
by the method of least squarsc. This expression is then differenti-
ated and rultiplied by the crossectional area of the reservoir to give
the volume rate of flow, A typical curve of h vs, ¢t is shown in
figure 1b, It is to be noted that the pressure measured by the side
tube falls very rapidly to the bath level, as in previous work at
lower pressure headtl'“; This is interpreteld to mean that the only
pressure gradient in the channel is at its narrowest part, i.,e, at
the perimeter of the reservoir. The flow ir the remainder of the
channel thus takes place under an essentially zero pressure gradieant
and hence is frictionless superflow,

Figure 2 showa the results of a series of experimentes with
a slit width of 3,8/1[ , 8ivirg the flow ratec ac Suactions of
pressure head at fixed temperatures, The linear flov rate given at
the right in figure 2, is defined as the volume rate of flow divided
by the croesectional area of the flow channel at the perimeter of
the reservoir, This linear velocity of course decreases as 1/r
alone the radius of the flow channel. The mnst interesting result
of these measuremerts is that the flow rate at a gi~en temperature
reaches a constant value, at a sufficiently high preseure head,
dependent only on the temperature (and also probadly on the channel
width), In the previous work of this nature at lower prsssure heads
it was found that the flow rate was dependent on a power of the
pressure head in the manner

V = constant (A p)n

where n is eseentially independent of temperature but dependent on
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Current Research, cont'd b,

the slit width, In figure 3 the flow rate end pressura head are
plotted logarithmically, and it is evident that such & relation is
valid in these results, at the lower pressure. The value of n od-
tained for a 3,8 4 slit 1s n = 0,35, which is in general egreement
with other vork;'z. Bowers and Mendelalohn;, ueing a 1.2 4 slit,
found n to be equal to 0,27, and since n meems to increase with
increasing slit width, the present value of 0,35 i1s quite plausidle.
Figure 4 shows the flow rates plotted against temperature for
several values of the pressure heads Although, there does not seenm
to be any simple empirical relation de*ween the flow rate and tempera~
ture, the curves are of the same general shape as has been obtained
for £ilm flow and for flow through capillaries,

At the present time we have no theoretical argument for the
existence of these "saturation" velocitisse Hawever, it is of con-
sideradle interest to note that the linear saturation velocities are
of the same magnitude as the critical velocities found in flow in-
duced by a temperature gradient(see, for example, ref,l). It is
possible that a further increase in the hydrostatic pressure head
wculd eventually give higher flow velocities, and that the flow thus
obtained would exhidit frictional dissipation, as is true of the
super~critical flow under temperature gradients,

Richard T, Swin®

i Magnolia Fellow

1 B, Bowers and E, Mendelsechn, Proc. Roy. Soc. 4 213, 158 (1952).

2 J. F. Allen tnd A, D, Misener, Proc. Roy. Soce & 172, 467 (1939).

3 R, Bewers and K, Mendelssohn, Proc. Roy. Soce & 302, 366 (1950).
G. K. White, Proce Phys. Soce A 64, 554 (1951),
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Current Research, ccnt'd, 56

Ultrasonic Measurements on Fotassium Chrome Alum

Investigations of potassium chrome alum dy various methods in
the liquid air temperature region have revealed the presence of some type
of structural transition, having evidently & rather large hysteresis, 6o
far the methods used have been paramagnetic relaxzatioca oxporinentcl and
measurements of the dieleotric commtz. Experiments have been under-
taken in this laboratory to study this transition by means of the ultra~
sonic pulse technique, vhich measures the velocity of socund in & given
direction, A sound wave is generated on one face of a large single crystal
by means of a quartz transducer and i1s detected on the opposite face by a
similar quarte crystal, Measurements made on rook salt agree with pre-
vious noasuromontl3. Thus far, measurements of potassium chrome alum
have been made from room temperature to 92°K, showing an increass in
velocity of about 2%, Magnetic fields less than E = 2000 gauss appear
to have no effect on the velocity. Great difficulties have been en—
countered in attaching the quartr transducers to the specimen at low
temperat.ures. since in this range most binders used do not transmit
sufficient erergy to give a detectable pulse, It is planned to extend

these moasursments down to lower temparaturee availadle with ligquid air,

Philip Closmann

1 Bleaney, Froc. Roy, Soc, A 204, 203 (1950}
2 Guillien, Comptos Rendue 209, 21 (1939)
3 Overton and Swim, Phys. Rev, §§_. 758 (1951)
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Current Research, cont'd, 64

Besidual Flux in a Supercenducting Spherd

The residual flux in a supercenducting sphere is hohg studied
by the torsion pendulum method. The experimentel apparatus has been
aésorited pi'ovio\inlila The method Sonsists in measufing the torque
dh the sphare as a functibh of an ekbernally applied magnetic field.
The gedmetry of the sphere and field is quite good, in that the diameter
of the sphere is 1,0000 + ,0004 inches, and the fisld ef the Helmholts
coils is homogeneous to within 0,1% sver the volume of the sphere. The
currents for preducing the fields are taken from a dank of Ediscn cells
and, for fields less than 10 gauss, the field may be held constant te
within 0,004 gauss during any ene measurement,

It is found that the terque, L , en the sphere (determined from
period measurements) may be sxpressed as

Lax+4B+YB°
vhoroo(,'@ s Y are constunts and B is the "free strean" field of the
cells, 4n effective magnetic dipole moment, M , for the sphere 1is
daZinsd as being proportional to ﬂ. The nermal-guperconducting transi-
tion may be made either dy holiing the temperature constant and re-
ducing the magnetic field (the constant T method), er by holding the
magnetic field conmstant and reducing the temperature (the constant H
method)s Prelimirary -caults indicate the following:
Trangition by the constant T method:

l, ¥ hen M 1s measured at the temperature at which the normal-
auperconducting transition is made, then M plotted as a function of
B,(T) gives a smooth, reproducidle curve (see figure). The value of
M as a function of Bc_(T) goes through a minimum at a temperature of

s |
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spproximately 3.5°K,

2, When the téperature is changed, with the sphefe as a vhole
remaining in the lnpotconducthg stats; {hen for high temperatures the
valus of M changes, These changes appear to depend markedly 6a ths
externsl field (fields of 0,2 gauss cause large differenced in Behavior),
There is not enough data &o tsll vhethet M4 changes are eithetr o~
producidle or reversidle,

3. When the temperature is ralsed adove 3.5°K the moment has
bYeen observed to reverse in direction and increase in magnitude in some
instances, The conditions under which this reversal occurs have not
been isclated as yet, A kind of Meshkovsky and Shalnikov uporinentz
ie deing prepared to see if this reversal of M corresponds to a
reversal of the field lines in the sphere., The direction of the field
vill Ye determined by the Hall effeot,

To our knovliedge, neither the minimum nor the temperature
variation of M has been reported previously,

L, We have obtained mo B° coefficient of damping reported by
other workerl.3
Transition by the constant B method:

Vory 1ittle data is availadle on these moments, bdut they appear
to exhibit the same temperature variations as the constant T moments,
Moreover, the moment seems to be independent of the field used to form

M , and depends primarily on the temperature at which M ic measured.
Tom S. Teasdale

* Shell 011 Ce. Fellow
1 pry, Lathrop and Houston, Phys, Rev. 86, 905 (1952)

2 Meshkoveky and Shalnikov, Jour. of Phys. U.S.S.R., 11, 1 (1947)
3 Fritz, Gonsales and Johnson, Phys. Rev. 80, 894 (19503
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Current Research, cont'd. 8.
Thermal Noise at Low Temperatures
In 1928, J. B, Jokmlon1 anaounced that in a conductor there ars
randon variationc of potential of such magnitude that the mean square
value contridtuted by the frequency range A Y 4s

=2
VyekrET AN
2
In the same issue of the Physical Review, H., Nyquist derived this

relationship uveing thermodynamic methods, Johnson tested this
reletionship ueing several different materials including electrolytic
solutions, The lowest temperature used was aprroximately 70°K.
D. A, Vubor3 in 1932, did some more careful work on the subject in
neerly the same temperature range., His work can de considered almost
a precision deteminatién of the Boltzmann constant k, Both of the
experimenters found Nyquist's law valid in their range of investigation.
In 1911, Eamerlingh-Onnes discovered the phenomenon of super-
sonductivity, In the superconducting state the resistance is rigorously
zero, Therefore, by Nyquist's formula, the noise should go to zero.
This suggests the problem of investigating the Johnson noise in a con-
ductor as it passes into the superconducting etate, However, before
we can attack this probdlem, it will de neceseary to develop equipment
that vwill measure Johnson noise in the liquid helium region, Therefore,
the first phase, and the phase presently engaged in, is to construct
and test equipment which will measure the Johnson noise at low tempers~
tures: first at nitrogen temperatures, and later at bkelium tecperatures.
For the indicating device ve are using a Tektronix 514-D
oecilloscope, An Atomic Instrument Company linear amplifier, model

204 B, (A1) e being used as a final amplifier,




Current Reaearch, ocont'd, 9.

The present work is to construct an intermediate amplifier
to match the A-1 giving sufficient response to measure the Johnson
noiee &t nitrogen temperatures when preceeded dby a cathode follower
input state. When this amplifier is complete, a "potted® two stage
preamplifier is to be constructed and installPd in the dewar, This
type of installation is to bs used because of the short leads to the
test specimen which it will make possidle,

We are attempting to use reasonadly conventionsl circuits
and components. To limit the shot noise and the noise generated dy
the plate resistors, smaller resistance values than tle usual are
being used in the earlier stages, GAH6's are the tubes used in the
intermediate amplifier with plans of using 404A's in the preamplifier,
IBRC type 3BW wire wound resistors are bdeing used in many parts of the
circuit since they have lower inherent noise than carbon resistors,

George Dalrymple

Jo B, Johnson, Phys. Rev, 32, 97 (1528)
H, Nyquist, Phys. Rev. 32, 110 (1928)

D. A, Wilbur,"Thermal Agitation of Electricity in Cenductors”,
Dissertation, University of Michigan, 1932

Kamerlingh-Onnes, Comm. Phys. Lab,, Leiden, 120b (1911)
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Current Reeearch, cont'Z, 10:

Parapesznetic Effect in the Transition Betweer Norzmal
and Super-cendunciivity

4 letter has been received from W, Meisener indicating that the
negative results odtained in previous noa:uremontll of the paramsgnetic
offect in superconduction are not inconsistent with the results of
Melssner, Schmelssner and Hoisanorz. The experiments of ref.(l) were
carried out in a region of H I T space exhiditing no paramagnetic effect.
Neissner gives an expression which describes the upper doundary of this

regiont
le«l + YDH

€
vhere I is the minimum current (in amp) in the sample for the effect te
occury Y is a parameter, D ie the diemeter of the spec!~-» in mm, and
E i the field (in eersted) (see Fig. 1)» The original data are shown
11 Fig. 1 as X and all except one 1ie clearly within the region of ne
effect,

The spparatus bhas been altered in twe respects: (1) a drass tubde
cencentric with the specimen is used as the return curreat leed; (2) the
current suppliss sre odtained from a bank of Bdison cells, Measurements
have been made using values of current and field which are decidedly
within the region where the effeoct is expected, A temperature was chosen
in which the superconducting transition occurrei for a current of 11,5
amps in a magnetic field of 5 cersteds. (see O on 7igs 1) The transition
to the supercomiducting state was made by changing the curremt, A pro-
nounced increase in the flux through the specimen was obtained in the
traneition (Fig., 2). In the immediate neighborhood of the peak in the

curve, the galvanometer shows spontaneous fluotuations of 5 to 10 mm,

et — -
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Ourreat Research, cont'd,

These rardom deflections appear vhen ths c241 &s hsld stationary
around the tin, and occur Only fiear the peak of the curve,

Juture experiments ars planned to investigate the accuracy
and shkarpness cf Meissner's curve, and to search for possidble

hysteresis in the paremsgnetic increass.

James Thompson
Tom S, Toasdale

1 Mendelsgohn, Squire and Teaedale, Phys, Rev, 87, 589 (1952)

2 Metasner, Schmeissner and Meissner, 2, Physik, 130, S21 (1951);
130, 529 (1951): 132, 529 (1952).
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